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(54) Radiation Image read-out apparatus 

(57) In a radiation image read-out apparatus, a 
stimiilabiepiipsphor sheet, on which a radiation image 
of an object has been stored, is scanned with a laser 
beam of a predetermined output power, which causes 
the stirrujlable phosphor sheet to em'tt Hght in proportion 
to the amount of energy stored thereon during its expo- 
sure to radiation, and the emitted light is photoelectri- 
cally detected with a predetermined sampling time. A 
response speed r [sec] of the stinnulable phosphor con- 
stituting the stimulaWe phosphor sheet, the laser beam 
output power p [W], a picture element size s [m], and the 
sanrpling time t [sec] are set such that they may satisfy 
Formulas (1). (2). and (3): 



F I G,1 



r/(s»t)<5.000 



t/s x80 



p«t/8 >1 



(1) 
(2) 
(3) 




TO SIGNAL 
4Q PROCESSING 
UNIT 



The radiation image having been stored on the stimula- 
ble phosphor sheet is tiier^y read out quickly arxi such 
that a reproduced image having good image quality may 
be obtained. 



De^rlptlon 

BACKGROUND OF THE INVENTION 



such cases, the image quality of the image cannot be 
kept good. Specifically, in order for the image quality to 
be kept good, it is necessary that a large amount of light 
-can be-emitted-from the stinrxilable phosphor sheet 



Reid of the Invention 

This invention relates to a radiation image read-out 
apparatus using a stimulable phosphor sheet, wherein a 
radiation image is read out from the stimulable phos- 
phor sheet, on which the radiation image has been 
stored. 

Descrtotion of the Prior Art 

Techniques for photoelectricaily reading out a radi- 
ation image, which has been recorded on a photo- 
graphic film, in order to obtain an image signal, carrying 
out appropriate Image processing on the in^ge signal, 
and then reproducing a visible image by use of the proc- 
essed image signal have heretofore been known in var- 
ious fields. 

Also, it has been proposed to use stimulable phos- 
phors in radiation image recording and reproducing sys- 
tems. Specifically, a radiatton image of an object, such 
as a human body, is recorded on a sheet provided with 
a layer of the stimulable phosphor (hereinafter referred 
to as a stimulable phosphor sheet). The stimulable 
phosphor sheet, on which the radiation image has been 
stored, is then exposed to stimulating rays, such as a 
laser beam, which cause H to emit light In propc»'tion to 
the amount of energy stored thereon during its expo- 
sure to the radiation. The light emitted by the stimulable 
phosphor sheet, upon stimulation thereof, is photoelec- 
tricaily detected and converted Into an electric image 
signal. The image signal is then processed and used for 
the r^roduction of the radiation image of the object as 
a visible image on a recording material, such as photo- 
grafi^ic material, or on a display device, such as a cath- 
ode ray tube (CRT) display device. Radiation image 
recording and reproducing systems, which use stimula- 
ble phosphor sheets, are advantageous over conven- 
tional radiography using silver halide photographic 
materials, in that Images can be recorded even when 
the energy intensity of the radiation, to which the stimu- 
lable phosphor sheet is exposed, varies over a wide 
range. One exarrple of the radiation image recording 
and reproducing systems is disclosed in U.S. Patent No. 
4,239.968. 

In the radiation image recording and reproducing 
systems, in cases where, for example, a large number 
of radiation images are processed, it has heretofore 
been required that the radiation images can be read out 
quickly from the stimulat)Ie phosphor sheets such that 
reproduced images having good image quality may be 
obtained. 

In order for a radiation image to be read out quicWy 
from a stimulable phosphor sheet, the speed, v\nth 
which the stimulable phosphor sheet is scanned with 
the stinxilating rays, may be set to be high. However, in 



when the stimulable phosphor sheet is stimiiated by the 
stimulating rays. However, a certain length of rise time is 
required between when the exposure of the stinrwjlable 
phosphor sheet to the stimulating rays is begun and 
when the emission of light from the stimulable pix>sphor 
10 sheet is begun, and a certain length of fall time is 
required when the emission of light from tt>e stimulable 
phosphor sheet is finished. Also, in order for the light 
emitted from the stimulable phosphor sheet to be 
detected suffidently, the scanning speed should be set 
75 to be slow, and the total sum of the amount of light 
received by the photoelectric conversion means shcajid 
thereby be kept large. Therefore, it was difficult to satisfy 
the two incompatible requirements with regard to the 
quick image readout and good image quality 

so 

SUMMAFTT OF THE INVENTION 

The primary object of the present invention is to 
provide a radiation image read-out apparatus, virherein 

25 conditional fomiulas defning relationship among a 
response speed of a stimulali^e phosphor constituting a 
stimulable phosphor sheet, a laser beam output power, 
a picture element size, and a sampling time are set, and 
a radiation Irmge having been stored on the stintulable 

30 phosphor sheet is tiiereby read out quickly and such 
tiiat a reproduced image having good image quality may 
be obtained. 

In a radiation image read-out apparatus in accord- 
ance with the present invention, the response speed of 

35 the stimulable phosphor constituting a stimulable phos- 
phor sheet, tiie laser beam output power, the picture 
element size, and the sampling tinrte are set in accord- 
ance with specific conditional formulas, and a radiation 
image having been stored on the stimulable phosphor 

40 sheet is tiiereby read out quicWy and such that a repro- 
duced image having gcKxJ image quality may be 
obtained, while the balance of ttie perfonmance of the 
respective devices constituting the radiation in^age 
read-out apparatus is being kept good. 

45 Specifically, tiie present invention provides a radia- 
tion image read-out apparatus for scanning a stimulable 
phosphor sheet, on which a radiation image of an object 
has been stored, witii a laser beam of a predetermined 
output power, which causes the stimulable phosphor 

so sheet to emit light in proportion to the amount of energy 
stored tiiereon during its exposure to radiation, and 
photoelectricaily detecting the emitted tight witii a pre- 
determined sampling time. 

wherein a response speed r [sec] of the stimula- 

ss ble phosphor constituting the stimulable phosphor 
sheet, tiie laser beam output power p [W], a picture ele- 
ment size s [m], and the sampling time t [sec] satisfy 
Formulas (1), (2). and (3): 




r/(s*t)<5,000 (1) 

V5^<80 jg) 

p-tfe^>1 (3) 5 

Such that the image readout can be carried out 
quickly, the right side of Formula (1) should preferak>ly 
be set to be 2,500, Specifically, in lieu of Formula (1), 
Formula (1*) shown below should preferably be satis- 
fied. 

r/(s • t)<2.500 (1") 

Also, such that the inr^ge readout can be can-ied 
out quickly, the right side of Formula (2) should prefera- 
bly be set to be 40. Specifically. In lieu of Formula (2), 
Formula (2*) shown below should preferably be satis- 
fied. 

tifs^<40 (20 

Further, such that the image readout can be carried 
out quickly, the right side of Formula (3) should prefera- 
bly be set to be 2. Specifically, in lieu of Fonnula (3), 2s 
Formula (3*) shown below shouki preferably be satis- 
fied. 

p-t^s^>2 (31 

By way of example, the response ^eed of the stlm- 
utable phosphor may be set to be 50x10'^ [see], and the 
laser beam output power may be set to be 0.2 to 1.0 
[WJ, Also, the picture element size may be set to be 
100x10"® [m], and the sampling time may be set to be 35 
0.2x10"^ to 0.5x10-® [sec]. 

The response speed of the stimulable phosphor 
shoukJ preferably be at nriost 200x10"^ [sec]. For exam- 
ple, a cerium activated phosphor shoukJ preferably be 
employed as the stimulable phosphor. 4C 

As the cerium activated phosphor, one of the 
cerium activated phosphors proposed in. for example, 
U.S. Patent Uo, 4.239,968 and Japanese Patent Appli- 
cation ^k>. 4(1992)-276540 may be emptoyed. For 
example, the cerium activated phosphor represented by 45 
the formula MeFX:Ce is preferable, wherein Me repre- 
sents at least one of barium (Ba). strontium (Sr). cal- 
cium (Ca). and magnesium (Mg). and X represents at 
least one of bromine (Br), kxJine (I), and chtorine (CI). 

The term "picture element size s" as used herein so 
means the value obtained by dividing the scanning 
width along each of the main scanr^ng direction and the 
sub-scanning direction by the nunri>er of picture ele- 
ments. Therefore, the picture element size does not 
necessarily coincide with the beam diameter of the 55 
laser beam, which serves as the scanning light. 

As the laser for producing the laser beam, a semi- 
conductor-purrped solid laser, an SHG laser, an MOPA 
laser (supplied by SDL Co.), a semk^onductor laser 




beam combining light source, or the like, may be 
employed. 

With (he radiation image read-out apparatus In 
accordance with the present invention, the anwunt of ~ 
light emitted by the stimulable phosphor sheet is 
increased, and an image having good image quality is 
obtained. Also, the response speed r [sec] of the stimu- 
lable phosphor constituting the stirrulable phosphor 
sheet, the picture element size s [m], arxd the sampling 
10 time t [sec] are set in accordance with the laser beam 
output power p [W] such that they nriay satisfy Formulas 
(1), (2), and (3) shown below. In this manner, the scan- 
ning for the irmge readout can be carried out quk;kly 

16 r/{s*t)<5.000 (1) 

Vs^<80 (2) 

p-t/s^>1 (3) 

As desaibed above, with the radiation image read- 
out apparatus in accordance with the present inventkjn, 
the amount of energy given by the stimulating rays to 
the stimulable phosphor sheet is Inaeased such that an 
image having good image quality can be obtained. Also, 
the stimuiaWe phosphor having a high response ^eed 
is errployed. and the picture element size and the sam- 
pling time are adjusted, in this manner, the image read- 
out can be canried out quickly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Hgure 1 is a perspective view showing an embodi- 
ment of the radiation image read-out apparatus in 
accordance with the present invention, 
Rgure 2 is a graph showing deterioration of the 
response corresponding to a value of r/(s • t) in For- 
mula (1), which deterioration occurs when the fre- 
quency o1 an image is set at Ic/mm and 2c/mm, 
and 

Figure 3 is a graph showing a relative value of frie 
detective quantum efficiency (DQE) of an image 
conesponding to a value of p-t/s^ in Formula (3), 
which relative DQE is obtained when the frequency 
of an image is set at Ic/mm and 2c/mm. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The present invention will hereinbelow be 
descn*bed in further detail with reference to the accom- 
panying drawings. 

Rgure 1 is a perspective view showing an emlxxli- 
ment of the radiation image read-out apparatus in 
accordance with the present invention. In the radiation 
image read-out apparatus shown in Rgure 1 , a stimula- 
ble phosphor sheet (hereinafter simply referred to as the 
sheet) 6. on which a radiation image has been stored, is 
placed on an endless belt 49. which is rotated by a 



motor (not shown). A laser beam source 41 , a rotating 
polygon mirror 43, a motor 42, and a scanning lens 30 
are located above the stinruilEble phosphor sheet 6. TTie 
laser beam source 41 produces a laser beam L "O ff an" 
output power p [W]. which causes the sheet 6 to emit 
light in proportion to the amount of energy stored ther- 
eon during its exposure to the radiation. The rotating 
polygon mirror 43 reflects arxi deflects the laser beam 
L, which has been produced by the laser beam source 
41 , The motor 42 rotates the rotating polygon mirror 43. 
The scanning lens 30 converges the laser beam U 
which has been reflected and deflected by the rotating 
polygon mirror 43, on the sheet 6. Also, the scanning 
lens 30 serves such that the laser beam L may scan the 
sheet 6 at uniform speed and in the main scanning 
direction, which is indicated l>y the arrow X. 

A light guide menr4)er 45 is located above and dose 
to the position on the sheet 6 which is being scanned 
with the laser beam L The light guide member 45 col- 
lects light 44, which is emitted from the upper surface of 
the sheet 6 when the sheet 6 is scanned with the laser 
beam L, from above the sheet 6. The light guide mem- 
ber 45 is located such tiiat it nnay be in close contact 
with a photomultipiier 46, which photoelectrlcally 
detects the light 44 having been en^'tted by the sheet 6 
and generates an analog signal S. 

The photomultipiier 46 is connected to a logarithmic 
amplifier 47. The logarithmic amplifier 47 1$ connected 
to an analog-to-digital converting circi^ (hereinafter 
refen-ed to as the A/D converting circuit) 48. In the A/D 
converting circuit 48, the analog signatlog S, which has 
been obtained from the logarithmic anplifier 47, is con- 
verted into a digital signal D with a sampling time t [sec]. 

The digital signal D having been obtained from the 
A/D converting circuit 48 is fed into a signal processing 
unit, such as an external image processing unit, which 
is connected to the A/D converting circuit 48. 

In this embodiment, the picture element size is set 
to be s [m]. Also, as the stimulable phosphor sheet 6 
used in this embodiment a stinuilabte phosphor sheet 
constituted of a stimulable phosphor having a response 
speed of r [sec] is employed. 

The response speed r of the stimulable phosphor, 
the laser beam output power p, the picture element size 
s, and the sampling time t are set such that they may 
satisfy Formulas (1). (2), and (3) shown below. 



r/(s-t)<5.000 



Vs^<80 



p't/s''>l 



(1) 
(2) 
(3) 



How this embodiment operates will be described 
hereinbelow. 

The sheet 6, on which the radiation Image has been 
stored, is set at a predetermined position on the endless 
belt 49. The sheet 6. which has been set at the prede- 
termined position, is conveyed by the endless t)elt 49 in 



a sub-scanning direction indicated by the arrow Y 

Also, the laser beam L of the output power p is pro- 
duced by the laser beam source 41 . The laser beam L, 
ISTnchTfiSs beeri"p«^ by the laser beam's^ ; 
5 is reflected and deflected by the rotating polygon ntinror 
43, which is quickly rotated by the motor 42 in the direc- 
tion indicated by the arrow. The laser beam U which has 
thus been reflected and deflected by the rotating poly- 
gon mirror 43, is converged on the surface of the sheet 
10 6 by the scanning lens 30. Also, the laser beam L is 
caused to scan the sheet 6 at uniform speed and in the 
main scanning direction indicated by the arrow X. The 
main scanning direction is approximately normal to the 
sub-scanning direction indicated by the arrow Y. By the 
15 main scanning of the laser beam L and the sub-scan- 
ning of the sheet 6, the entire area of the sheet 6 is 
exposed to the laser t>eam L 

When the sheet 6 is exposed to the laser beam L, 
the stimulable phosphor of the sheet 6 is stimulated by 
20 the laser beam L and emits light 44 in proportion to the 
amount of energy stored thereon during its exposure to 
the radiation. The light 44 is emitted by the sheets with 
the response speed r [sec]. 

The light 44. which has been emitted by the sheet 
25 6, is guided by the light guide member 45, which is 
located dose to tiie upper surface of the sheet 6, to the 
photomultipiier 46. The emitted light 44, which has thus 
been guided by the light guide member 45, is photoelec- 
trically detected by the photonruiltlpller 46. The light 
30 guide member 45 Is made from a light guiding material, 
such as an acrylic plate. The light guide member 45 has 
a linear input end face, which is located such that it may 
extend along the main scanning line on the stimul^e 
phosphor sheet 6, and a ring-like output end face, which 
36 Is located such that it may be In close contact with a light 
receiving face of the photooKiltiplier 46. The emitted 
light 44, which has entered from the Input end face into 
the light guide member 45, is guided tiirough repeated 
total reflection inside of the light guide memt^er 45, ema- 
40 nates from the output end face, and is received by the 
photomultipiier 46. The amount of the emitted light 44 
representing the radiation image is £onveded -by the 
photomultipiier 46 into the analog signal S. 

The analog signal S having been generated by tiie 
45 photomultipiier 46 is logarithmically anplif ied by tiie log- 
arithmic amplifier 47, and the analog signal log S is 
thereby obtained. 

The analog signal log S is then fed into the A/D con- 
verting circuit 48. The A/D converting circuit 48 converts 
so the analog signal log S into the digital signal D with tiie 
sampling time t [sec] and in synchronization witii the 
scanning of the laser beam L. The digital sigrial D is fed 
into tiie signal processing unit. 

As described above, the response speed r of the 
55 stimulable phosphor, the laser beam output power p. the 
picture element size s, and the sampling time t are set 
such tiiat they may satisfy Formulas (1), (2), and (3) 
shown alxjve. Specifically, the response speed r of the 
stimulable phosphor is high, and the sampling time t is 



short. Therefore, the sheet 6 can be scanr\ed quickly, 
and the radiation ipnage can thereby be read out quickly. 
Also, since the laser beam output power p is set to be 
high, a large amount of light can be emitted by the sheet 
6. and an image having good image quality can be 
obtained. 

As for the portion of the sheet 6, from which the 
image information has already been detected, even if 
the image infornrwtion is being read out from the other 
region of the sheet 6, erasing light may be Inflated to 
the portion of the sheet 6 in order to release energy 
remaining on the sheet 6, such that the eraang light 
may not impinge upon the light guide member 45. 

The present invention will further be illustrated by 
the following experimental example, in which the 
response speed r of the stimulabie phosphor, the laser 
beam output power p, the picture element size s, and 
the sampling time t satisfy Formulas (1), (2), and (3). 

Experimental Example 

Figure 2 is a graph showing deterioration of the 
response conresponding to the value of r/(s •t) in For- 
mula (1), which deterioration occurs when the fre- 
quency of an image is set at lc/mm and 2c/mm. 
Deterioration of the response represents the factor for 
attenuating the modulation transfer function (MTF). 

In general, a response reduction of approximately 
20% can be clearly discriminated by the visual charac- 
teristics. Therefore, in cases where the level of the 
response before being deteriorated is taken as 1. the 
level of the response after being deteriorated should 
preferably be at least 80% 0.e.. the attenuation should 
preferably be at most 20%). 

As illustrated in Rgure 2, such that the level of the 
response after being deteriorated may be at least 
approximately 0.8, the value of r/(s-t) in Formula (1) 
should be smaller than 5,000. and should preferably be 
smaller than 2,500. Specifically, the formula shown 
below should be satisfied. 



n^y be at least approximately 0.8. the value of p • t/s? 
should be larger than 1 , and should preferably be larger 
than 2. Specifically, the formula shown below should be 

-satisfied:--^ — ^w^. 



r/(s*t)<5.000 



(1) 



Also, the formula shown below should preferably be sat- 
isfied. 



r/(s«t)<2.500 



• tfe^>1 



(3) 



Also, the formula shown below should preferably be sat- 
isfied. 



10 



't/s^>2 



15 



Table 1 shown below lists the image read-out time 
corresponding to the value of t/s^ in Formula (2). As for 
the image having the 14"xir size, the read-out time 
should preferably be at most 20 seconds. 



Table 1 



20 



25 



30 



tfs2 


Read-cut time (14"x17" 
size) 


20 


4 sec 


40 


9 sec 


60 


13 sec 


80 


17 sec 


100 


22 sec 


150 


32 sec 


200 


43 sec 



35 



40 



As indicated in Table 1 . such that the read-out time 
may be at most 20 seconds, the value of t/s^ should be 
smaller tiian 80. and should preferably be smaller than 
40. Specifically, the fomnula shown below should be sat- 
isfied. 

tfs^<80 (2) 

Also, the formula shown below should preferably be sat- 
isfied. 



45 



t/s^<40 



{21 



Claims 



Figure 3 is a graph showing the signal-to-noise ratio 
(in a strict sense, the relative DQE) of an image con*e- 
sponding to tiie value of p-t/s^ in Formula (3), which 
relative DQE is obtained when the frequency of an 
image is set at 1c/mm and 2c/mm. The term "relative 
DQE" as used herein means the relative value of the 
detective quantum efficiency (DQE). The relative DQE 
corresponds to tiie square of the signal-to-noise ratio of 
the image, i.e. (S/N)^. The relative DQE of the image 
should preferably be at least approximately 80%. 

As illustrated in Figure 3. such that the relative DQE 



50 1 . A radiation image read-out apparatus for scanning 
a stimulabie phosphor sheet, on which a radiation 
image of an object has been stored, with a laser 
beam of a predetermined output power, which 
causes the stimulabie phosphor sheet to emit light 

55 In proportion to the anx)unt of energy stored ther- 
eon during its exposure to radiation, and photoelec- 
trically detecting tiie emitted light with a 
predetermined sampling time, 

wherein a response speed r [sec] of the stim- 



ulable phosphor constituting the stimulable phos- 
phor sheeit. the laser beam output power p [W], a 
picture element size s [m], and the samping time t 

[sec] satisfy Formulas (1). (2). btkI (3):-.^ 

s 

r/(sM)<5.000 (1) 
Vs^<80 (2) 
p-t/s^>1 (3) 10 



An apparatus as defined in Claim 1 wherein, in lieu 
of Formula (1), Formula (I*) shown fc>etow is satis- 
fied. 

r/(s-t)<2.500 (V) 



15 



An a^^^aratus as defined in Claim 1 wherein, in lieu 
of Formula (2), Fonmula {2) shown betow is satis- 
fied. ^ 

t/S^40 (2*) 



4. An apparatus as defined in Claim 1 wherein, in lieu 

of Formula (3), Formula (30 shown below is satis- ss 
tied. 

p-V5%2 (3*) 

5. An apparatus as defined in Claim 1 wherein the 30 
response speed r of the stimulable phosphor is at 
most 200x10"® [sec]. 

6. An apparatus as defined in Claim 1 wherein the 
stimulable phosphor is a cerium activated phos- 35 
phor. 
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